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FEDERAL  AVIATION AGENCY
WoshIngtm 25, D. C.
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TECHIWAL STAIYDARD  ORDER .:
ReguIatione  of tbe Adminiatiator

-Part 514 . .
Subject: AIRBORNE STATIC (“DC To DC”) ELECTRICAL  6OWER TSO-C?l.

COIVVERTER (FOR AIR CXRXijER ZnCKAFT)
.

Technical Standard Order8 for Aircraft Mater& 0
a Parts, Processes,  and Applirncm C.c#

Part 514 contains minimum perform8nm
dandards and speciEcations of mrterids, prrta,
prwesse+  and appliances used in aircraft  md
implements the prwisions  of wtions 8.18,
lr.31,4b.l8, 6.18 and 7.18 of the Civil Air Z&g-
ulations. T h e  qulation UB t h e  Technical
Standard Order Bystern  which, in brief, pro-
vides  for  FA,Q-industry  ctwpemtion in the
development of performance stands& md
qecifications which are adopted by the Admin-
tirator  as Technical Standard Orders, and I,
form of self-regulation by industry in demon-
strating wmpliance with these orders.

Part 514 consists of two subparts. Subpart
A contains the general requkments rpplicr-
ble to all Technical Standard Orders Thaw
prorisions are summarized below for the bon-
venient refemme of the public. Subpart B
contains  the technical standards and spwikx-
tions to which a particular p~~~Iuct must con-
form, and each Technical Standard Or& ie
set forth in the appropriate eection of Sub-
p a r t  B. The subject Technical StandaFd
Order is printed below. AX’Y TECHh’ICAL
STAKDARD O R D E R  M A Y  B E  OB-
TAIKED BY SEKDIh’G A’ REQUEST To
FAA, WASHINGTO)\’  25, DC.

Subpm  AGENERAL
This subpart prvides, in part, that I, maw-

frctuxw of an aircraft  mnterial,  plut, prpcess,
or appliance for which standards r~ cstrb
liuhed in*Subpati B, prior to its distribution
for uge on a civil aircraft  of the Qited States,
ahall furnish a written st&tement of cmfom-

mm asrtifying  that the mrtcrirl, put, pmoem,
or rpplium meetr the applicable  perfonuura6
rtandards  establkhed  in this prft.  Tht W
ment of cmfonnum must be Ggned by 8 pm
mn duly authori& by the’mmufavct~rar, urd
furnished to the Chief, EngineeM and &Can-
ofwturing Dirisim,  Btmau of Flight Stand-
rrds,  Federr Aviation Agency, W&kgt0n
%, D.C.

Subpart A also rsquires  rpprPprirte mark-
ing of materials, parts,  p’~aeses, md rppli-
8ncu,c  a6 follow8 :

(a) Name md rddmss  of the manufrc-
tumr responsible for cmnplium,

(6) Equipment  nrme, o r  type o r  model
de&nation,

(c) weight to the nemst pound and &-
tion thtmf,

(a) Serial number md/or date of muw
fwtun, md

(e) Applicable Technkd Standatd  O&t
** (TSO) number.

In addition, Subpad  A provides  that no
deviation 4 be granted from the perform-
ance standards aablished in Subpart B, md
that the Administrator  may take 8pp~bpriat.e
action in the event of ooncompkxs  with
Part 6%

Srrbpaa  B
% 514.77  Airborne rtutic (WC to DP)

eti?ctricaz power conv4?rter (for ak cm$eT
akmft)-TSO47I-(o) App?iddity.-(1)  =
Minimum perfomance 8tondatulr.  Bfiiimpm

*performance standards are he=by established



for airborne static (“DC to DC”) electrical ’
power converter  equipment which is to be used
on civil ‘aircraft of the Ikited States engaged
in air carrier operations. Ken models of such
equipment manufactured for use on cid air
carrier aircraft on or after June 15,1961,  shall
meet the standards set forth in FAA Standard,
“.4irborne  Sta t ic  (‘DC’  to  DC’) Elect r ica l
Power  Converter (For ,lir Carrier Aircraft)”
dated ,i4pril  15, 1961,  and Radio Technical
Commission  f o r  Aemnautics P a p e r  lOO-54/
DO-60 as amended by Paper 25WWEc366
dated November 13, 19%~ Manufacturers of
such  equipment shall also comply with the
requirements of paragraphs (b), (c), and (d)
for accept ante of their equi. -sect jon.

pment under this

(b) S/a&tio . In addition to the marking
specified in Subpart -4, equipment which has
been designed to operate dyer the environ-
mental conditions outlined in Procedure A of
RTU Paper WG4/~0-60, as amended shall
be marked as Category -4 equipment. Equip-*
ment ~~hich has beel~ designed to operate over
the environment al condit ions outlined in Pro-
cedure B of thk same paper shall be marked as
Categorv  B equipment..

(c) hJfU  r~quhw~ieni.~. (1) The manu-
facturer shall maintain a current file of com-
plete desjgn data.

(2) The manufacturer shall maintain a cur-
rent file of complete data describing the in-

1 Copier of RX.4 Paper 300-X Do-60 may  be obtained
from tbe RTC.4  Secretariate, ROOD 3072,  T-S Building, 16tb
& Comtitution  Arenue,  XX, Washington  25, D.C.,  for  20~
per cop,v

spection and test procedures ‘applicable to his
product. (See paragraph (d) of this section.)

(3) Six copies each, except where noted, of
the follo\\-ing shall be furnished to the Chief,
Engineering and Manufacturing Ditiion,
Bureau  of Flight Standards, Federal Aviation
Agency, Washingtcn 25, D.C.

(i) Manufacturer’s operating instructions
and equipment limit at ions.

(ii) Installation prwedurw with applicable
schematic drawings. wiring diagrams, and
sp0dics:ilJ~ls. LWcate  lr31y limitations, .re-
strictions, or other conditions pertinent to
installation.

(iii) One copy of the manufacturw’s test
Ileport.

(if) Quality contr07. Airborne static (“DC
to DC”) electrical polyer converter equipment
shall be produced under a quality control sys-
tem, established by the manufacturer, which
will assure that each equipment is in coaform-
ity with the ryuirements of this section and
is in a condition for safe operation. This
system shall be described in the data required
under paragraph (c) (2) of this section. A
representative  of the Administrator shall be
permitted to make such inspections and tests
at the manufacturer’s facility as may be news- ‘.
sary to determine compliance with the require-
ments of this section.

.

(e) Preriou87y  approved epfipnzeni. Air-
borne static (“DC to DC”) electrical power
converter equipment aprow prior to June 15,
1961, may continue to be manufactured under
the provisions of its original approt-al.

(f) Effectire  da.fe. June 15, 1961..
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-This paper sets forth the minimum perform- under all cabditions  normalIp  enamtmd in
mce standards for airborne  strtic (“w to
DC”) electric4 power converter equipment

routine leronruticd  opwmtiowh

when used as a part of IC naeation or 6om-
Inasmuch m the mwursd v&de of rrdio

mtinication system.
equipment performanat c~~W+‘S llpIy b

Compliance with these standards is quid a function of the m&hod  of EINWUIWL~~,

U 8 means of assuring that the equipment  will tiandard test conditions and methoch of tmt
satisfactorily perform its intended fun&ion am aho mummended in this papew. 0

MINIMUM PERFORMANCE STANDARDS
AIRBORNE STATIC (“DC TO DC”) ElECTRICAl POWER CONVERTER

1.0 GENERAL STANDARDS

L1 Ratings o f  Compone?ab

The equipment shall not incorporate in its
design any component of such Fating that,

w-T when the equipment is operated throughout
the range of the specified en&-onmental  test,
the stings established by the manufacturer of
the component is escwded.

1.2 Effect8 of Test
The design of the equipment shall be such

that the application of the spified  test pm-
duces no discernable  condition which would
be detrimental to the lpliability of equipment
manufactwvd in accordance with such design.

20 lWKIMUM PERFORMANCE STAND-
ARDS UNDER STAKDARD  TEST
CONDITIONS

The test procedures applicable to a de&-
mination  of the perfomlances  of the airborne
atat ic (“DC to DC”) electrical power converter
quipment am set forth in Appendix 9Ln of
this paper.

2J Mmind Output Voltage and Current
The nominal  o u t p u t  t-oltage and ctment

shall not* be less than that specified by the
manufactuer’s  ratings. Further, the equip-
ment shall TV capable of delirering at least

10% inam output power  than the mumfac-
tuks  specified rating for a period of two (2)
hours

22 Regulation
Regulation under standard conditions hll

not exceed 12$%.  For the purpose of this
standard, mgdrtion is defined  BS:

% Reg=
(VolUge  at mlifmum  rrtd So&d)
hum  rated  load) x (low0

23 Ripple
Ripple in the output DC.roltage at mui-

mum rated output toad shall not exwd 1+&#6
of the output voltage when shunted by a 2 mfd
capacitor and the ripple on the DC input leads
is equal to 2 volts peak to peak at IC frequency
of 400 cps. For equipment designed for op-
eration on 13.75 volts DC, the fip~‘-e em the
input leads need not exceed 1 rolt peak to pesk.

24 her Vol tage
There shalThere shall be no permanent  damage to my1 be no permanent  damage to my

of the solid state devices (transistors) or theof the solid state devices (transistors) or the
components when the power coxwetier -is deliv-components when the power ooxwerter is deliv-
ering full Fated output power and is snbje&xlering full Fated output power and is snbje&xl
to the following over voltage  conditions:to the following over voltage conditions:

(Q) The input DC Toltage is increased to(Q) The input DC Toltage is increased to
!5t@ above the standad operating voltage!5t@ above the standad operating voltage
for a duration of not less than fire minutes.for a duration of not less than fire minutes.



25 Short Circuit Conditionu
There shall be no degradation of the power

converter or its components as 8 result of 8
sustained short circuit applied separately to
each output of I\ multiple output power con-
verter, or simultaneously to all DC outputs for
8 period of not less than one minute. Within
five minutes after remowl of the short circuit
condition, the equipment shl\ll be capable of
cant inuous operation nt the manufacturer’s
mted output load for I\ period of eight hours
without degrndAt ion of performance.

26 Emidon  of Radio Frequency Enet##
The em&ion  of ndio frequency energy at

discreet frequewies wifiAl the range of 90 kc
to 1 WC)  MC shall not exceed 200 microvolts
between ww crtble terminal to pound..

Xotc:  It is rWogmi7&  that  the rtidio  f r e q u e n c y
emi~km  hriving  R level mnsiderrlbly lem than
the mFtxirnum  pmitted  l-q the above standard
we c;tpHhle  of interfel*inC with the oprrltion of
other elwtmnic equipmer~t in m aircrxft instnl-
IRt ion. It is also recogniti thrd  the method of
reducing the level of emission of radio it+
qmwc~- energy to rntwh  Iower OR~UQF are known.
However, at the pwsmt state of the art, Iarpe
Rnfl expwsive filters ore often required In ad-
dition to the exercise of care in the mechanical
and elwtriW design of equipment. The end
rewlt is often I+ compromise between whnt 1s
desired and cost.

In Cew of the nkwe, the emission standards
were set at n level n-hirh can be met by the
exercise of mwannble  care in design and yet
effect tile reduction in the present  ovemll inter-
ference problem. Lower emission levels 81p
desirable nnd it is, therefore, recommended that
the, equipment manufwturers  make a deter-
mind effort to educe the level of emission
from electronic equipment to the lowest pm-
tiwble wlue Mow that specified abore.

27 Dielectric Strenpth
The equipment shall withstand without evi-

dence of damage the applicat ion of a sinusoidal
voltage bstwen wch transformer output wind-
ing snd fmme for 8 period of fiye seconds.
The RMS value of the sinusoidal voltage ap-
plied shall be either five times the maximum
0perstin.g vo1t.w existing ACROSS that winding
during operation  when delivering full mted
out put, or 500 volts, whichwer is greater.

.
? .

.

I - . r*-
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During the rpplbtion  of this test, all di&,
transistors, and capacitors may be discon-  /’
netted.

3.0 MINIMUM PERFORMANCE STAND-
ARDS UNDER  ENVIRONMENTAL
T E S T  C O N D I T I O N S  -

The test pmedums applicable  to a deter-
mintttion  of the performrrnce  of radio  equip-
ment under environmental test conditions are
set forth in RTCA Paper 10044/D&6O,  UEn-
vironment r\l Test Procedu~Airbome 3adio
Equipment,” awd  amendment Paper 25&58/
~~-366  dated November 13,1958. This paper
o u t l i n e s  tnriiwmentR1 test procxkes f o r
equipment desipled to opemte under three
environment ,11 test candit  ions M specified
therein  under Procedures A, R, rmd C. Only
Grborne stntic (‘WC to DC”) &ctrical power
cowerter equipment which meets the operating
requirements  outlined under Prwedure A or
l+xwlure 13 of this paper, a amended, is np-
pl ic&le under this st andc\rd.

The npplicnble~ elect ricr\l test prwedures we
set forth in Appendix rc.%‘* of this stMInrd.

.
3.1 Low Temperature Ted

WIlell the equipment is subjected to the low
teqernture test rend, with primary power
volt age WC/;  less than standard test volt age
r\pplie.d, the following requirements  shall be
met :

(a) The output voltqe shall not vary
more tllrrll W# from’ that obt rrined at
st ;\ndr\rd test conditions.

(b) The requirements of paragrqh  2.3
shall be met.

3.2 Altitude Teat
When the equipment is subjected to the alti-

tude test, the re@wnents of paragmphs 2.1,
2.2, and 2.3 shall be met.

33 bmidity  Ted
After subject ion to humidity and within

fifteen (15) minutes from the time primary
polver is applied, the rquimments of 2.1, 2.2,
and 2.3 shall be met. e

3.4 High Tempetature  Ted
-When the equipment is subjected to the high

temperature test and with primary power volt--’
4 .
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APPENDIX A
TEST PROCEDURES

AIRBORNE STATIC (“DC TO DC”) ELECTRICAL POWER CONVERTER

A. Poioer  Input Voltage Unless otherwise
specified, all tests shall be conducted with the
power input voltage adjusted to the design
voltage within 22%. The input voltage shall
be measured at the power converter input ter-
minals.

h’ote:  Design  voltage in use as of the date of this
report are 13.i5  VDC  and 21.5 VDC  and defined
as standard condition.

B. Adjustment of Equipment. The equip-
ment under test shall be properly adjusted in
accordance wit 11 the manufacturer’s recorn-
mended practices prior to the application of
the specifie.d  tests.

C. Test Equipment Precautions. Due
precautions shall be taken during the conduct
of these tests to preTent  the introduction of
errors resulting from the improper connection
of voltmeters, oscilloscopes and other test in-
struments across the input and output imped-
ances of the equipment under test.

D. Ambient Conditions. Unless otherwise
specified, all tests shall be conducted under
conditions of ambient IyK)m temperature, pres-
sure and humidity. However,  the rwrn tern-
perature shall not be lower than 10" C.

E. Warm-up Period.  I,‘nless  othekse
spewified, all tests shall be conducted after a
warm-up period of not less than fifteen (15)
minute+.

F. Connected Loads. Unless ot he&se
specified, all tests shall be performed with the
equipment connected to loads having the im-
pedance value for which it is designed.

TEST PROCEDURES

The test procedure set forth below are satis-
factory for use in determining the perform-
ance of airborne static (“DC to DC”) electrical
power converter equipment. Test pxwedures
which provide equivalent information may
also be used.

T-I Power Output - .

EQrmlfEwr  RsQuIR&D
VoZtme~e7-Weston Model 931  or tquiva-

lent.
b2mete7-Weston  Model 931 or equiva-

lent.

Connect the power converter to the appro-
priate input power source with the ammeter
in series with the output and the voltmeter
connected across the output. The manu-
facturer’s specified load shall be connected
across the output(s). The output load im-
pedance should k adjusted to the manufac-
turer’s specified rating.

Determine that the nominal output volt-
age and current is at least that specified by
the manufctcturer  and that the equipment is
capable of delkering at least 10% more out-
put power than the manufactumr’s  specified
mting for a period of two (2) hours.

T-2 Regulation
EQtIPMEhT REQC’~RED.

Voltmete~lQston  Model 931  or equiva-
lent.

Ammete~wm’eston Model 931  or equiva-
lent.

blCAsVREXEh”r  PROCEDm .

Connect the power converter to the appro-
priate input power source with the ammeter
in series with the output and the voltmeter
connected acres the output. The manufac-
turer’s mted load should be connected across
the output(s).

Yav the load impedance from maximgm
rated load to 20% of maximum rated load
and note the output voltage(s) at these two
load settings. Calculate the percent ragu-
lation using the formula specified in para-
graph 22.

c
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T-3 Ripple
E~umrmm REQUZEED

H&ett Packard Oscilloswpe kfodell5OA
or quivalent.

.

*. .

Connect the power conveFter  to the appm-
priate input power sourxx  with the power
tinverter  delivering maximum rrted lord.
Also connect  a two (2) microfarad apa&
of the proper DC working voltrrge acm the
butput under t&.

t’sing the oscilloscope as a peak to peak
voltage indicating device, measure the ripple
on the output power 8oum and all output
voltage(s) when ripple on the DC input
leads is qua1 tx, 2 volts peak to peak ret 8
frequency of 400 cps or 1 volt peak to peak,
whicherer is applicable.

. t T-4 Overwltopem
Eqrr~ar~x~  RICQW

..* Perkins Power Supply Model MR 104&
- 30h or equivalent.

blCAS~SIEhT  PROCEDURE

. (

. (a) Connect the equipment to the Perkins
3iodel MR lML3OA power supply with the
equipment delivering full rated output

w . power. Increase the output voltage from
the Model hfR lMh30A power supply to

greater than the input voltage for
which the equipment is designed for a dura-
tion of five (5) minutes.

(6) Follo+ng this, determine that the
out put rolt age and current is the mrne as
that prior to the application of the overvolt-
age.

T4 Short Circuit Conditiona
EQ~PXEKT REQ~RED

PoketewTkston  Model 931  or quiva-
lent.

Ammete~Weston Made1  931 o r  quivr-
lent.

With the power converter connecb0d to
the appropriate input power sowwe and the
equipment de1
power, ‘apply a

irering
sustain

f u l l  Fated output
,ed short ckuit Bepa-

lay to each output of mIlltip output
power conv0rters o r  8ixnultursouslp fo rll
DC dutputs  for a period of not lug tbn
one (1) minutia

Following t& detarmb that the equib
mmt is capable of d&wing the mrapfb : . _
tud8 r&d a&put power for l p&d of ti l .
bet eight (8) how

This tw ddl be amdwted dtm the iwe-
voltage  ted 8pecibd  in T-4 Ovewottage,  ia
cOmplet8do .

T-6 Emidon of Radio Ftequencp Enet~p.
EQuxmraT  RsQvmsD
Noise kd Field Stnngth Meters aa fob *

1OW8  :

Stidard  M o d e l s  lVl!kMOB,  NM&A,
N&L104 and l!lBL!WA or equivrleat.

BbmRmmT PmcEDm
connect the power cunverter  to the 8ppnb

priste input power soum with the equip-
ment delivering full rated output power.
The input power lesds &all be from 10 to 12
feet in length, normrIly teminatad  and
cabled, and shall not be enclosed  ia conduit.

With the noise meter, mewu~le the rf volt-
age developed between  Fund and each of
the primary input and power output leads,
tuning the noise meter throughout the xange
of frequencies from 90 kc to 1500 MC.

T-7 Dielectric Strength
EQUIPXEKT REQuIKED

Variable AC power muroe.
MEASEREASENT  PRocEDmE

(cc) Apply an a-c voltage, at the frqutiiy
tmd in normal operation, b0tween 8~93
transformer output winding and frame for
a period o f  f i v e  (6) mnds, T h e  RMS
value of the sinusoidal voltage applied sha&
be either five (6) times the muimum oper-
rting voltage edting acm that winding
during operation when delivering full mt&
output, or SO0 volts, whichever is grwrter.

(6) Following this, determine that the
output voltage and cunmt  under full load
conditions  is the same as that prior to the
application of the tests.
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FEDERAL AVIATION AGENCY’
Washington 25, 0. C.
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TECHIVICAL STAXDARD ORDER
.

Regulations of the Administrator
Part 514 l

Subject: AIRBORNE STATIC (“DC TO DC”) ELECTRICAL POWER TN-C71 . . l e,
COWERTER (FOR AIR CARRIER ATRCRAIFT) .

The date of the FM Standard, which ir a part of the rubjcct
TSO, was inadvertently omitted. The date April 15, 1961, lrhould
be inserted in the upper tight hand corner of the FM Standard.

x-1349 .




